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(57)Abstract: 

PROBLEM TO BE SOLVED: To stably analyze impurities such as moisture 
which exists by a trace amount in a sample gas at high precision by 
housing devices such as a light source, cell, and detector in a sealed vessel 
while the sealed vessel is evacuated for introducing purge gas, to eliminate 
the effect of moisture, etc., present in an optical system. 
SOLUTION: A main body part 10 is a sealed vessel in which an 
interferrometer 12 is housed with a light source 11, a semi-transparent 
mirror 12a, a -fixed mirror 12b, and a moving mirror 12c provided. A 
detecting part 20 is a sealed vessel housing a pair of mirrors 21 and a 
detector 22, and a cell part 30 is a sealed vessel whose interior acts as a 
cell 31. A calculation means 40 performs Fourier-transform of a 
measurement value from the detector 20 to calculate an impurity 
concentration. A vacuum pump 52 is operated to evacuate the main body 
part 10, detector 20, and cell part 30 while a purge gas such as nitrogen 
gas is introduced from a purge gas guiding pipe 55 for analyzation. For 
example, at analyzing a trace-amount moisture in a sample gas, the effect 
of water content contained in the atmosphere within each sealed vessel is 
reduced for effective measurement. 
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CLAIMS — 

[Claim(s)] 

[Claim 1] Spectral-analysis equipment characterized by having the evacuation means which carries out evacuation of 
the inside of this well-closed container, and a purge gas installation means to introduce purge gas in a well-closed 
container while holding devices, such as the light source, a eel, and a detector, in a well-closed container. 
[Claim 2] Said well-closed container is spectral-analysis equipment according to claim 1 characterized by carrying out 
division formation at the body section which held optical members, such as the light source and an interferometer, the 
detecting element which connected with this body section airtightly through the connection port, and held the mirror and 
the detector, and the eel section with which this detecting element was equipped airtightly. 
[Claim 3] While preparing evacuation opening of said evacuation means in the part which said body section and 
detecting element connected airtightly the part which holds optical members, such as an interferometer, a detector, and a 
mirror, according to an individual, respectively, were formed, and held said interferometer Said body section, said 
connection port, spectral-analysis equipment according to claim 2 characterized by the thing of said detecting element 
for which the purge gas induction of said purge gas installation means was prepared in any one place at least. 
[Claim 4] Analytical method of the impurity in the gas which is the approach of analyzing the impurity in gas using 
spectral-analysis equipment according to claim 1, 2, or 3, and is characterized by analyzing introducing purge gas while 
carrying out evacuation of the inside of said well-closed container. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the spectral-analysis equipment and analytical method for analyzing in 
detail impurities, such as minute amount moisture in high grade gas like the gas used for a semi-conductor manufacture 
process, about the analytical method of the impurity in spectral-analysis equipment and gas. 
[0002] 

[Description of the Prior Art] The gas used for a semi-conductor manufacture process will become the cause which 
causes the poor property of a device, if high grade gas with few impurities is called for, for example, impurities, such as 
moisture, exist in membrane formation material gas. Therefore, although the moisture in gas is managed or it is 
necessary to decrease, for that, it is necessary to analyze impurities, such as minute amount moisture in gas, to accuracy. 

[0003] As a metering device of the minute amount moisture in such gas, Fourier transform infrared spectroscopy (FT- 
IR) is known. After the infrared light by which this FT-IR was irradiated from the light source using the absorption band 
of the water molecule proper in an infrared field goes via optical members, such as an interferometer and a filter, it 
passes through the inside of the eel filled with sample gas, and detects existence of moisture by reaching the detector 
installed in the exterior of a cel. Therefore, analysis will be performed where the concentration of the moisture which 
exists in the ambient atmosphere besides a eel is also applied in addition to the moisture concentration which exists in 
the sample gas on a measurement principle and in a cel. 

[0004] That is, although it is important in FT-IR to acquire only the information in the eel into which sample gas was 
introduced, since it needs to carry out optical interference by the time incidence of the infrared light irradiated from the 
light source is carried out into a eel, and it needs to adjust the flux of light, it will be influenced of the moisture and 
carbon dioxide which are contained in the environment of the optical system besides a gas cell. 
[0005] 

[Problem(s) to be Solved by the Invention] For this reason, he encloses dry air with the optical system besides a eel, or 
was trying to reduce the effect of moisture by always continuing passing desiccation nitrogen gas at conventional FT- 
IR. However, there was a problem that the airtightness of the case which the gas stagnation section existed in optical 
system mostly, and has contained optical system was bad, and tends to be influenced by external leak. On the other 
hand, by the method always purged with desiccation nitrogen, there is a problem of consuming the nitrogen of the large 
quantity of dozens of 1. per minute, and the moisture in nitrogen also needed to be reduced to ultralow volume. 
[0006] Furthermore, exhausting optical system to a vacuum is proposed, and the electrical part of a large quantity and 
the light source of high temperature also exist in optical system, and the moisture content emitted from these members 
also becomes a problem in analysis of ppb order. In the example which actually measured optical system where 
evacuation is carried out to 10-5torr, moisture concentration turns into minus lOppb extent, and dependability is 
missing. 

[0007] Then, this invention loses the effect of impurities, such as moisture which exists in optical system, and aims at 
offering the analytical method of the impurity in the spectral-analysis equipment which can stabilize for them and 
analyze impurities, such as moisture which exists in ultralow volume in sample gas, to high degree of accuracy, and gas. 

[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned object, the spectral-analysis equipment of this 
invention is characterized by having the evacuation means which carries out evacuation of the inside of this well-closed 
container, and a purge gas installation means to introduce purge gas in a well-closed container while holding devices, 
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such as the light source, a eel, and a de^Rr, in a well-closed container. 

[0009] Furthermore, said well-closed container is characterized by carrying out division formation at the body section 
which held optical members, such as the light source and an interferometer, the detecting element which connected with 
this body section airtightly through the connection port, and held the mirror and the detector, and the eel section with 
which this detecting element was equipped airtightly. moreover , said body section and detecting element connect 
airtightly the part which hold optical members , such as an interferometer , a detector , and a mirror , according to an 
individual , respectively , and be form , and while prepare evacuation opening of said evacuation means in the part 
which held said interferometer , it be characterize by the thing of said body section , said connection port , and said 
detecting element for which the purge gas induction of said purge gas installation means be prepared in any one place at 

lCclSt 

[0010] Moreover, the analytical method of the impurity in the gas of this invention is an approach of analyzing the 
impurity in gas using said spectral-analysis equipment, and is characterized by analyzing introducing purge gas, while 
carrying out evacuation of the inside of said well-closed container. 

[Embodiment of the Invention] Drawing 1_ is the schematic diagram showing the example of 1 gestalt which applied this 
invention to infrared-spectroscopic-analysis equipment (FT-IR). The body section 10 which is the well-closed container 
which held the interferometer 12 with which this infrared-spectroscopic-analysis equipment was equipped with the light 
source 1 1 and half mirror 12a, fixed mirror 12b, and migration mirror 12c, It is formed by the detecting element 20 
which is the well-closed container which held the mirror 21 and detector 22 of a couple, the eel section 30 which is the 
well-closed container which used the interior as the eel 31, and operation means (computer) 40 to compute high 
impurity concentration by carrying out fourier transform processing of the measured value from a detector 22. 
[0012] By said eel section's 30 equipping with a sealant (O ring) 32, as shown in drawing^ , and joining together with a 
bolt 33, it connects airtightly to the opening 23 prepared in the detecting element 20, and said body section 10 and 
detecting element 20 are airtightly connected with the same means through the connection port 51 . In addition, wiring of 
each part including the wiring 41 for the operation means 40 is also pulled out airtightly. Moreover, the body section 10 
and a detecting element 20 can also be formed in one. 

[001 3] And the exhaust pipe 53 linked to the vacuum pump 52 as an evacuation means is formed in said body section 
10, and the purge gas installation tubing 55 which equipped the detecting element 20 with the flow control valve 54 as a 
purge gas installation means is formed in it. In addition, members, such as each well-closed container, can be formed 
with metallic materials, such as iron, and aluminum, stainless steel, prepare the suitable sealant for the bond part of 
plates, and he is trying to acquire airtightness. 

[0014] thus, in the formed infrared-spectroscopic-analysis equipment, in case sample gas is analyzed By operating a 
vacuum pump 52, carrying out evacuation of the interior of the body section 10, a detecting element 20, and the eel 
section 30, and carrying out, introducing a suitable quantity of purge gas, for example, nitrogen gas, from the purge gas 
installation tubing 55 simultaneously For example, when analyzing the minute amount moisture in sample gas, only the 
moisture in the sample gas which reduces substantially the effect of the moisture in the ambient atmosphere in each 
well-closed container, and is introduced in a eel 3 1 can be measured effectively. 

[0015] Thus, while being able to make small substantially abundance of an existing [ in the ambient atmosphere of 
optical system ]-by performing measurement of minute impurities, carrying out evacuation impurity molecule, by 
carrying out introducing purge gas, the moisture generated from the light source etc. can also be exhausted efficiently, 
and the ambient atmosphere in a system can be held on certain conditions. The moisture from the light source etc. can 
be more effectively discharged by preparing evacuation opening especially connected to an exhaust pipe 53 near the 
light source 1 1 of the body section 10. 

[0016] Furthermore, since purge gas is introduced in the well-closed container with which evacuation was carried out 
and the pressure became low and he is trying to maintain at a constant pressure While being able to reduce the 
consumption of purge gas substantially compared with what circulates purge gas in the state of ordinary pressure Since 
effect of the impurity generated inside compared with the case where it maintains at a high vacuum condition, or 
external leak can be lessened, stabilization and dependability of measured value improve and simplification of 
equipment and a facility can also be attained further. Moreover, since the time amount which the attainment to the inert 
gas replacement and the predetermined pressure in a well-closed container takes since evacuation and purge gas 
installation are used together can be shortened, starting of equipment can also be performed promptly. 
[0017] Drawing 3 is the schematic diagram showing other examples of a gestalt of FT-IR which applied this invention. 
It connects airtightly the detector hold section 70 which equipped with the eel 72 airtightly through the connection port 
66 while this FT-IR arranges the well-closed container of a power supply section 61, the light source hold section 62, 
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the interferometer hold section 63, the^Rr hold section 64, and auxiliary detectoi^^ section 65 grade to the interior 
of the body 60 of an analyzer, connects these to it airtightly and holds a detector 71 in it further. 
[0018] Moreover, the evacuation opening 82 linked to an exhaust pipe 81 is formed in the part close to the light source 
hold section 62 of said interferometer hold section 63, and the evacuation opening 84 connected to an exhaust pipe 83 
also at the detector hold section 70 is formed. Said exhaust pipes 81 and 83 are connected to the main exhaust pipe 87 
through isolation valves 85 and 86, and vacuum pumps (not shown), such as a rotary pump, are connected to this main 
exhaust pipe 87 through the isolation valve 88. 

[0019] Furthermore, the purge gas installation tubing 94 and 95 equipped with isolation valves 90 and 91 and flow 
control valves 92 and 93 is connected to said connection port 66 and the detector hold section 70, respectively, and the 
gas installation tubing 98 and 99 which has isolation valves 96 and 97 is connected to said exhaust pipe 81 and the main 
exhaust pipe 87, respectively. Moreover, the vacuum gage 89 is formed in the main exhaust pipe 87. 
[0020] Since it becomes an elevated temperature, said evacuation opening 82 can be promptly discharged by installing 
near [ which is easy to emit moisture as out gas ] the components, such as the infrared light source and an electrical part, 
without making a perimeter diffuse the moisture generated from the light source etc. On the other hand, as for the purge 
gas installation tubing 94 and 95, it is desirable to install in a location where the purge gas which is the part which 
impurities, such as moisture, do not generate as much as possible, and was introduced in the system flows towards the 
evacuation opening 82. 

[0021] Although the thing of suitable capacity can be used according to the volume in a system etc., the vacuum pump 
to be used is per minute 50-2001. and its exhaust speed is usually enough, what has an exhaust speed 2001. [ or more ]/m 
especially is suitable. 

[0022] As purge gas, suitable gas can be used according to the class of impurity used as the class of sample gas, or the 
measuring object, and the gas which removed the measuring object impurity as much as possible is used. For example, 
when measuring moisture as an impurity, it is desirable to use the desiccation nitrogen gas which set desirably 1 ppm or 
less of moisture concentration to 10 or less ppb. 

[0023] Thus, in case the formed equipment analyzes minute amount moisture, first, said isolation valves 85, 86, and 88 
are made open, and evacuation of the inside of a system is carried out to 1 or less torr with a vacuum pump. 
Subsequently, with evacuation continued, the amount of installation of purge gas (desiccation nitrogen gas) is adjusted 
so that the pressure in a system may stabilize the isolation valves 90 and 91 of the purge gas installation tubing 94 and 
95 with Number torr - lOtorr extent by the aperture and flow control valves 92 and 93. As for the amount of installation 
of purge gas, at this time, it is desirable to become the range of per minute 0.1-51. It is continuing introducing nitrogen 
gas, the moisture concentration in a system being reduced by doing such an activity, and carrying out evacuation 
similarly also at the time of measurement, and without fluctuating, the moisture concentration reduced once is crossed to 
long duration, and will be in the condition that fixed concentration is maintainable. In addition, the gas installation 
tubing 98 and 99 is used when returning the inside of a system to atmospheric pressure, and isolation valves 96 and 97 
are closed during analysis. Moreover, it is effective also in concentration analysis of the carbon dioxide contained by 
high concentration in impurities other than moisture, for example, atmospheric air. 

[0024] In addition, although the above explanation illustrated and explained FT-IR, it can be adapted also for the 
spectral-analysis equipment which could apply like distributed process input output equipment IR, in addition used the 
light of microwave, a visible range, and an ultraviolet region. 
[0025] 

[Example] While introducing purification nitrogen gas (moisture concentration is lppb) into the eel at 1.51./m as sample 
gas using the equipment shown in example 1 drawing 3 , the conventional "nitrogen negotiation purge", the 
conventional "evacuation", and "evacuation + purge gas installation" of this invention approach were performed as a 
means which removes the effect of the moisture contained in the ambient atmosphere in a system, and change of the 
moisture concentration of the background was measured. The relation between the measuring time and the absorption 
peak reinforcement of moisture is shown in drawing 4 . Only in the case of a nitrogen negotiation purge or evacuation, 
from this result, it was checked by each with progress of the measuring time that the moisture concentration of a 
background rises. On the other hand, when purge operation by this invention approach is performed, there is very little 
fluctuation of the moisture concentration of a background, and it turns out that it is stable. 

[0026] The spectrum (moisture concentration: <lppb) of the blank measured by this invention approach to example 2 
drawing 5 and the spectrum which added and measured the moisture of lOppb to sample gas (nitrogen) are shown. A 
minimum limit of detection is defined as sample concentration in case the signal reinforcement of a sample becomes 
twice (S/N=2) noise reinforcement, and since the moisture concentration of a background has big effect on the 
reinforcement of a noise, it is necessary to hold down to ultralow volume. The signal reinforcement of the moisture 
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which is in 3744cm-l in the case of th^Jtention approach was what secures two^^ore S/N ratios, although moisture 
concentration was ultralow volume called lOppb. Therefore, by this invention approach, the moisture concentration of a 
background was also fully reduced and it was checked that sufficient conditions to perform low-concentration moisture 
analysis are acquired. 
[0027] 

[Effect of the Invention] As explained above, according to this invention, it becomes it is possible to make the impurity 
in the ambient atmosphere in a system into low concentration efficiently for a short time, and possible to maintain high 
impurity concentration at the low concentration below fixed for a long time. Thereby, the impurity which exists in 
ultralow volume in sample gas can be stabilized and analyzed to high degree of accuracy. Moreover, the amount of the 
purge gas used can be reduced or less to about 1/10 compared with the conventional simple negotiation purge. 



[Translation done.] 
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DRAWINGS 




[Drawing 3] 
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